Podurie în arc au fost primele structuri cu deschideri considerabile construite de om, în mare parte datorită materialelor și a tehnologiilor limitate avute la dispoziție în acel moment. În timp, aceste adevărate lucrări de artă s-au diversificat și reprezintă acum soluții adoptate în nenumărate situații, în special pentru traversarea văilor adânci.
GENERAL
The main strength elements of these bridges are the vaults or the arches. The deck, the walls, the piles or the tie rods take over only a small part of the stresses the structure is subject to.
Such bridges have been built for a long time now (in the beginning they were made of stone masonry), many of them being operational even at present and being in a pretty good shape. The remarkable life span of such works is mainly due to the quality of the stone used for construction, which has high compressive strength, as well as due to the median axis of the structure, which coincides with the compression curve [1] .
In time, the stone masonry has been replaced by brick masonry and, further on, by plain concrete.
Compared to the arch bridges made of masonry, those made of concrete have certain advantages:
 Easier execution;  Lower costs;  The use of local materials (sand, gravel etc.).
A new leap in what concerns these types of structures was the use of reinforced concrete which, compared to the plain concrete structures, had further advantages:
 Execution of small size elements;  Decrease of works volume;  Decrease of the concrete volume in the superstructure.
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The reinforced concrete, which can also withstand bending and tensile stresses, enabled to move forward from vaulted bridges with compact headwalls and earth fill to arched bridges in collaboration with the piles and the deck [1] .
In addition, the evolution of static calculus methods enabled to eliminate unreasonable over sizing of certain strength elements, which were inherent at the bridges built in Antiquity and Middle Age.
Wanxian bridge from China ( Figure 1 ) -inaugurated in 1997, holds the world record for concrete bridges. It crosses Yangtze River; it has a 420.00m span and a total length of 964.0m, with an arch rise of 133.00m. It supports a motorway and 2 lanes for pedestrian traffic [3] . 
ADVANTAGES AND DISADVANTAGES OF ARCHED AND VAULT BRIDGES WITH UPPER CARRIAGEWAY
The use of such solutions leads to certain advantages:  Possibility to execute large spans;  Reduction of infrastructures number;  They may be used where the drainage section cannot be diminished, when the infrastructures are not placed in the riverbed;  High strength and durability;  Low consumption of steel and concrete;  Special architecture aspects. Still, disadvantages may be considered in case of upper carriageway arched and vaulted bridges:  Significant construction height, which may be reduced on the reinforced concrete bridges;  Difficult execution, which involved qualified staff with technical experience; 
CHOOSING THE MAIN SIZE OF ARCHES AND VAULTS (SPAN AND ARCH RISE)
The size of the main elements of an arched/vault bridge are chosen in accordance with:
 The geotechnical and geological conditions of the foundation ground,  The free passage gauge,  The traffic gauge,  The topographic conditions in the work's site,  Water drainage conditions,  Aesthetic constraints etc. In order to determine the span and the rise of the arch or the vault, the gauges of the obstacles under the bridge and the rivers' hydraulic conditions shall be observed, in accordance with the bridge geometry ( Figure 3 ). The table below shows the free heights under the bridges over watercourses for both beam bridges and arched/vault bridges [5] . 
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Concerning the viaducts, several alternatives will be analysed, the arch rise f/L being determined according to economic and aesthetic criteria. For the economic criterion, the variation of the necessary concrete volume in relation with the f/L ratio will be established, hence selecting the solution with minimum concrete input [1]. Once the arch's general elements (span and rise) have been established, the dimensions of its cross sections may be selected. Several factors are involved in the process of selecting the cross sections' dimensions:
The current spans of the arched and vault bridges with upper carriageway, lying on piles or walls, are 30 to 200m, with recommended arch rise of 1/3 -1/10. In case of road bridges, the arch height at the key should be (1/60 -1/80)L, while in case of railway bridges the arch height at the key should be (1/30 -1/50)L [4] .
SELECTION OF THE MEDIAN AXE OF ARCHES AND VAULTS
The main sectional stresses that an arch is subject to are: bending moments, axial forces and shearing forces resulted from permanent loads, traffic actions, temperature variation and concrete shrinkage. The effect of the shearing force is insignificant and impacts to a lesser extent the selection of the median axis.
The sections of the arches are considered to be favourably stressed when the unitary stress from the axial compression forces tends towards maximum and the value of the unitary stress from the bending moment tends towards minimum. The ideal solution would be that for all loads combinations the bending moments are null. This cannot be achieved because any position of the convoy load has a different pressure curve, given that the minimization of the unitary efforts resulting from bending moments is pursued. For permanent loads, the median axis of the arch may be chosen so that it coincides with the funicular polygon of the loads in order to achieve null bending moments in any section. In this case, the form of the arch's median axis is called coincidence form for permanent loads.
The coincidence form for permanent actions is given by Legay catenoid.
where:
The final form of the arch's axis equation depends only on the coefficient m, which represents the ratio between the weight at emergence and weight at the key. If m = 1, meaning that the permanent load is uniformly distributed, the equation will turn into a second degree parabola, which represents the coincidence curve for a doubly built-in arched structure subject to a uniformly distributed load. 
CASE STUDY
The variation of sectional stresses in arches by execution stages will be studied for the Crivadia viaduct in various hypotheses of arches propping:
 Hypothesis 1 -dubly built-in arches (adopted solution);  Hypothesis 2 -arches that are built-in at emergence and jointed at the key;  Hypothesis 3 -arches with 2 joints;  Hypothesis 4 -arches with 3 joints.
Crivadia Viaduct crosses Crivadia valley. It is located at km 150+672 on National Road DN66. It has a 59.20m span and approximately 15.00m arch rise. Its total length is 107.06m. The central span is made of doubly built-in arches and the adjacent spans are independent decks supported by arches, on the piers' elevations and abutments' elevations. In the central span there are four concrete arches, 2.70m of distance and 0.60x1.50m in size, except for the interlocking area at the key, where the section varies from 0.60x1.50m to 0.60x3.00m. [2] Table 3 shows the values of the bending moments for the 4 cases considered. Table 4 shows the values of the axial forces for the 4 cases considered. Table 5 shows the values of the shearing forces for the 4 cases considered.
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The influence of the static layout on the bending moments in the arch
The chart below shows a comparison between the average values of the bending moments in the arch and the average value of the bending moments in doubly built-in arches. Concerning the axial forces, the results are quite uniform, differences between various static layouts being under 6%. Therefore, the solution with arches that are built-in at emergence and jointed at the key has an excess of approximately 5%, similar to the solution with triple jointed arches, while the doubly jointed arches solution exceeds by only 3% the value of the solution with doubly built-in arches.
Influence of the static layout on the shearing forces in the arch
The chart below shows a comparison between the average values of the shearing forces in the arch and the average value of the shearing forces in doubly built-in arches. All other static layouts lead to arch raises higher than those of doubly built-in arches:
 The solution with arches that are built-in at emergence and jointed at the key shows deformations they are approximately 55% higher than the doubly built-in arches solution;  The solution with doubly jointed arches provides an increase by approximately 17% compared to the doubly built-in arches;  The solution with arches with 3 joints shows deformations that are approximately 51% higher than the doubly built-in arches solution. Considering all the above, we can draw the conclusion that the doubly built-in arches represent the best solution for the upper carriageway arched bridges, as they provide the lowest deformation and stress state compared to the other static layouts studied.
